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BACKGROUND 


The  Naval  Ocean  Systems  Center  (NOSC  )  sponsored  the  National  Climatic  Data 
Center.  Asheville.  North  Carolina  to  produce  a  subset  analysis  of  its  Standard  Tape  Deck 
family  I  1  ( S  I  D- 1  1 )  database.  I  he  STD-1  1  database  consists  of  over  150  years  of  worldwide 
surface  meteorological  observations  such  as  wind  speed,  present  weather,  air  temperature, 
and  other  meteorological  quantities.  These  observations  were  assembled  from  ship  logs, 
ship  weather  reporting  forms,  published  ship  observations,  automatic  buoys,  teletype  reports, 
and  card  decks  purchased  from  foreign  meteorological  services. 

The  subset  analysis,  known  as  DUCT63.  covers  293  Marsden  squares  and  spans 
15  years  of  surface  observations  from  1970  through  1984.  A  Marsden  square  is  a  region  of 
the  earth's  surface  defined  by  a  grid  of  10  degrees  latitude  by  10  degrees  longitude  and  is 
assigned  a  unique  identification  number,  figure  1  shows  the  location  and  the  numerical 
assignment  of  all  Marsden  squares,  for  example.  Marsden  square  1  is  defined  as  the  region 
bounded  by  the  prime  meridian  to  10  degrees  west  longitude  and  from  the  equator  to 
10  degrees  north  latitude.  Not  all  of  the  648  possible  Marsden  squares  are  included  in  the 
DUCT63  analysis  for  two  reasons,  f  irst,  the  analysis  is  specifically  concerned  with  the  mari¬ 
time  environment.  Marsden  squares  not  containing  a  region  of  ocean  are  excluded  from  the 
data.  Second,  a  requirement  of  at  least  1  00  valid  observations  per  month  was  imposed  to 
reduce  the  effects  of  any  spurious  meteorological  measurements  on  the  distributions. 

I  igure  I  shows  the  location  of  the  Marsden  squares  contained  within  the  DUCT  6.3  analysis 
as  the  region  enclosed  by  the  heavy  border. 


GENERAL  DUCT63  DATABASE  DESCRIPTION 


I  ho  l)U( Tod  analysis  contains  distributions  of  meteorological  qnantitios  ami 
surface-to-surfacc  attenuation  rales  tor  frequencies  of  35  and  44  (III/.  These  distributions 
are  expressed  as  tables  of  either  a  probability  or  a  percentage  of  time  that  the  quantity  is 
observed  within  a  specified  ranee.  I  he  distributions  include  diurnal  effects  where  day  or 
day  time  categories  imply  a  positive  solar  ancle  within  the  Marsden  square  at  the  time  of 
the  meteorological  observation.  Night  categories  are  times  of  observation  between  one  hour 
after  the  local  sunset  and  one  hour  before  the  local  sunrise.  Observations  taken  in  the 
interval  between  the  day  and  night  categories  are  excluded  from  the  data  set. 

There  are  two  forms  of  distributions:  a  probability  tor  percent  of  time)  d ist rib ut ion 
for  a  specific  quantity  (e.g  .  wind  speed)  and  a  joint  probability  distribution  of  two  quan¬ 
tities.  I  he  latter  form,  also  called  a  cross  distribution,  is  specifically  designed  for  use  by 
N()S(  in  its  research  efforts. 

I  avh  page  of  tables  is  labeled  with  the  Marsden  square  number  and  the  period  of 
record  tPOR).  I  he  POR  is  expressed  asQQRR-SSI  1  where  QQ  is  the  starting  year.  RK  is 
the  starting  month,  SS  is  the  ending  year  and  I  I  is  the  ending  month.  ( ienerally .  the  POR 
is  7001-84  1  2  indicating  that  the  data  is  comprised  of  observations  taken  between  January 
1 070  and  December  1  084.  I  he  probability  distributions  of  specific  quant  it  ics  include  the 
mean  value  of  the  quantity  and  the  number  of  valid  observations  that  the  distribution  is 
derived  from.  I  he  cross  distributions  indicate  the  number  of  valid  observ  ations. 


DIJCT63  DATABASE  QU  ANTITIES 

I  he  following  quantities  are  distributed  within  the  l)U(" T(>3  analy  sis  and  are  tahu- 
lari/ed  on  microfiche  in  the  same  order: 

•  Panins  evaporation  duct  height  (meters) 

•  Panins  evaporation  duct  height  crossed  with  Jeske  duct  height 

•  W  ind  speed  (meters  per  second  I 

•  Xbsolule  humiditv  (grams  per  cubic  meter) 

•  Modified  air-sea  temperature  dil  tereiu  e  ( degree  (  I 

•  Ram  rate  (scaled  millimeters  pci  liouii 

•  Attenuation  rate  (  gaseous)  .u  s 5  <  >1 1/ (  sc  aled  dB  km  i 

•  \  1 1 '.nil.  1 1  ion  late  (  gaseous  i  a  I  ‘M  <  .i|/  i  s,  aled  dB  k  ill  l 

•  \  1 1 ,  nii.it  ion  tali  <  tot  a  1 1  at  a  '  (41/  i  si  aleil  dB  f  m  i 

•  \t!  -m  i.il  ioi:  late  (  tot  hi  at  “-l  (41/  i  s.  aled  d  B  km  l 

•  I  ’ . ;  i .  1  ■- 1  s  e  v .  1 1  ■  <  •  i .  1 1 :  i » 1 1  1 1 1 1  I  heielit  Mi  "sed  with  wind  speed 

I  1  •  i  ■  1. 1  it  t  -  v  i ; ' .  r  1 1 1  <  >  i  dull;  ■:’!;•  , : :  J  '  ; . .  i  ■  a  >d  1 1 1.  d  a  n  sea  t  e  m  pel  at  me  dll  let  Ctn  c 

c  :■  .  .  !  ;  a  •  .•  |, .  I  p.  ■  ,,  tl  -  is.  i  ■  <  I  lie  del .,  I  >  'tails  o!  I  lie  spc.  it  U  quantities 

■  t  :  ■  a  ■  1 1  .i/ci  haii  I  ei  i  -.1  •  -  :i.  ,  i  ,  :  ■  -4  i"  t 1  1.JU*  a  me  p  u.iviaphs 


PAULUS  EVAPORATION  DUCT  HEIGHT 


The  Paulus  formulation  of  evaporation  duct  height  calculations  I  reference  I  >  is  a 
modification  to  the  classical  Jeske  method  (reference  2).  The  major  difference  in  the 
approaches  is  that  the  Paulus  technique  attempts  to  account  for  inaccuracies  in  air  tempera¬ 
ture  observations  which  are  caused  by  thermal  influence  of  the  ship.  The  distributions  of 
duct  height  are  in  2-meter  intervals  from  0  to  40  meters  and  two  additional  categories  duct 
heights  greater  than  40  meters  and  duct  heights  that  are  not  calculable  (undefined  ).  Figures 
2  through  4  are  the  results  from  Marsden  square  1.  Note  the  label  indicating  the  mean  sub 
square  (mean  sub  sq)  25.  Marsden  squares  are  subdivided  into  1-degree  sub  squares  and  this 
label  (  25 )  shows  the  mean  location  of  all  of  the  observations  within  the  analysis  for  this 
square.  Under  each  distribution  are  the  values  of  the  mean  height  and  the  first  through 
third  quartile.  From  figure  2.  a  duct  height  in  the  interval  of  10  to  12  meters  for  a  January 
day  is  observed  14.4  percent  of  the  time  ( the  probability  is  0. 144).  The  mean  height  of  the 
duct  fora  March  night  period  is  I  1.0  meters.  There  were  2.229  valid  observations  found  in 
constructing  the  distribution  for  the  April  day  period. 

PAULUS  EVAPORATION  DUCT  HEIGHT  CROSSED  WITH 
JESKE  DUCT  HEIGHT 

Figures  5  through  7  tabulate  the  joint  probability  of  a  duct  height  computed  by  the 
Paulus  and  Jeske  methods  for  Marsden  square  1 .  The  distributions  are  in  2  meter  intervals 
as  described  above.  I  o  obtain  a  reasonable  format  of  the  tables,  the  true  probability  is 
scaled  by  a  factor  10,000.  For  example,  the  joint  probability  of  finding  a  Paulus  and  Jeske 
duct  height  in  the  interval  of  10  to  12  meters  in  Marsden  square  1  during  daylight  hours  is 
given  in  figure  5  as  0.0749.  Also,  the  total  number  of  valid  observations  used  to  construct 
figure  5  is  given  at  the  bottom  of  the  table  and  is  23.552. 

WIND  SPEED 

Figures  8  through  10  show  the  distributions  of  wind  speed,  in  meters  per  second 
(m/s),  for  Marsden  square  1.  From  figure  8.  the  mean  wind  speed  during  January  night 
conditions  is  3.7  m/s  which  is  derived  from  1.739  valid  observations.  A  wind  speed  between 
5  and  (>  m/s  is  observed  1  2.2  percent  of  the  time  during  February  daylight  hours. 

ABSOLUTE  HUMIDITY 

Figures  II  through  1 3  show  examples  of 'absolute  humidity 'distributions.  Flic 
categories  are  in  grams  pet  cubic  meter  (g  m  V  During  March  daylight  hours,  the  mean 
absolute  humidity  is  22. b  g  m-\  Absolute  humidity  is  observed  48. b  percent  of  the  time  lor 
the  interval  2  I  to  23  g  nv\ 

MODIFIED  AIR  SI  A  TEMPERATURE  DIFFERENCE 

Reference  I  defines  the  modified  air-sea  temperature  difference.  Its  purpose  for 
an  In  sum  within  the  DUC  1  b3  database  is  to  aid  \(  )S(  research  effort  s  in  the  climatological 
desi  option  of  evaporation  duct  heights  Figures  14  through  It'  show  examples  of  the  distri- 
Ini  I  ion  format. 


RAIN  RATE 


I  itiures  17  through  16  show  rain  rate  distributions  for  Marsden  square  1.  Rain  rate 
is  not  a  directly  reported  quantity  in  the  S  I  D- 1  1  database.  Rather,  it  is  computed  from  the 
present  weather  code  by  techniques  developed  by  Cioroeh  ( reference  3).  The  categories  of 
distribution  are  tabulari/ed  scaled  by  a  factor  of  100.  From  figure  17.  the  rain  rate  is 
reported  to  occur  0.4  percent  of  the  time  in  the  range  of  1.26  to  1.5  1  millimeters  per  hour 
tmm/hrJ  during  a  .January  day  time  period.  I  he  mean  rain  rate  for  a  March  day  time  period 
is  reported  as  0.067  mm/hr  and  is  derived  from  1.712  reports  of  present  weather. 

GASEOUS  ATTENUATION  RATE  AT  35  GH/ 

Figures  20  through  22  are  the  distributions  of  gaseous  attenuation  rate  at  a  frequency, 
of  35  GH/  for  Marsden  square  1.  1  his  quantity  is  derived  from  observations  ol  ait 
temperature,  relative  humidity,  and  visibility. 

1  he  reported  visibility  is  used  to  calculate  a  value  of  the  liquid  water  content  based  on  the 
work  of  Johnson  reported  by  Cook  (reference  4).  Methods  described  by  Lie  be  (reference  5l 
are  used  to  calculate  the  attenuation  rate.  Since  the  meteorological  data  is  surface  data,  the 
attenuation  rate  is  valid  only  for  surface-to-surface  propagation.  It  is  not  applicable  for 
use  with  slant  paths. 

In  the  tables,  the  labeled  attenuation  rates  are  scaled  by  a  factor  of  1.000.  From 
figure  20.  the  mean  attenuation  rate  for  a  January  night  is  0.2563  dB  km.  1  he  distribution 
indicates  that  an  attenuation  rate  between  0.226  and  0.25  1  dB  km  is  observed  to  occur 
2b.  7  percent  of  the  tine. 

GASEOUS  ATTENUATION  RATE  AT  64  GH/ 

flic  description  above  applies  to  the  tables  shown  in  figures  23  through  25  with  two 
cwcpHons.  I  irst.  the  frequency  K64GII/  and  sew'd,  the  scaling  factor  is  100,  not  1.000 
as  above  1  rom  figure  23.  the  sort nve-lo-surl ace  at  tenuat'  on  rate  (at  64  ( >1 1/ )  is  observed  to 
fall  between  1.01  and  1  2n  dB  km  5S.6  percent  of  the  time  during  a  February  night  period. 

I  he  mean  v uluc  n  1.24  1 1 B  km. 

IOI  \l  \I  TI  MJATION  AT  3s!  GH/ 

I  lie  maior  dillcrencc  between  the  attenuation  rate  described  tor  this  quantile  and 
ih,  attenuation  rate  des>.  ribed  above  is  that  the  total  attenuation  includes  the  ellects  ol  ram 
i.ite  1  he  contributions  Irani  lain  rate  are  modeled  alter  the  work  of  I  ale one  (reference  ol. 

Figuie.  .'<■  through  2S  are  the  results  lor  Marsden  square  I.  From  figure  26.  the 
im  an  at  tenuat  ion  rate  lor  a n  April  da\  period  k  0.502''  dB  km  (the  categories  are  smiled  In 
a  la.  loi  oi  1  DMiii.  I  he  distribution  hu  the  same  penod  indicates  an  attenuation  rate 
be  I  ween  0  2."'  I  and  ( I  2  '<>  d  B  km  is  observ  ■,  d  M)  ’  pen  oil  ol  the  tunc 


TOTAL  ATTENUATION  AT  94  GHz 


The  comments  of  the  preceding  section  are  directly  applicable  for  the  total  attenua¬ 
tion  rate  at  94  GHz.  Again,  it  should  be  stressed  that  the  meteorological  data  are  observed 
at  the  surface  and  the  attenuation  rates  described  are  strictly  applicable  to  a  surface-to- 
surface  path.  That  is.  the  data  are  not  applicable  to  a  slant  path. 

Figures  29  through  3  1  present  tables  of  the  total  attenuation  rate  at  a  frequency  of 
94  GHz  for  Marsden  square  1.  From  figure  29,  the  attenuation  rate  for  an  April  day  period 
is  observed  53. 1  percent  of  the  time  in  the  interval  1.01  to  1.26  dB/km.  The  mean  attenua¬ 
tion  rate  is  1.408  dB/km  for  the  same  period. 

PAULUS  DUCT  HEIGHT  CROSSED  WITH  WIND  SPEED 

Similar  to  the  cross  distribution  discussed  previously,  figures  32  through  34  present 
the  cross  distribution  of  the  Paulus  duct  height  and  wind  speed.  These  tables  are  designed 
primarily  for  use  by  NOSC  in  the  determination  of  evaporation  ducting. 
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Figure  3  Paulus  evaporation  duct  height 
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qure  5  Pdulus  duct  height  crossed  with  Jeske. 
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Figure  7.  Paulus  duct  height  crossed  with  Jeske. 
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Figure  9.  Wind  speed. 
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Figure  13.  Absolute  humidity. 
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Figure  15  Modified  air  sea  temperature  difference 
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Figure  19  Ram  rate. 
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Figure  20  35  GH/  attenuation  late  (gaseous) 
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